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(54) IMAGE DISPLAY DEVICE, IMAGE DISPLAY METHOD AND PROGRAM

(57) Provided are an image display device, an image
display method, and a program which are capable of im-
proving the accuracy of determination by comprehen-
sively considering interpretation information by a plurality
of determiners. A first inspection target image in which
an inspection object is imaged is displayed on a display,
a marker in at least one region with which the interpre-
tation information of the first inspection target image is
associated is displayed, a second inspection target im-
age subjected to at least one of enlargement processing

or highlight processing for a region including at least a
part of a region of the selected marker is displayed on
the display, at least one of first information, which is doc-
ument information of the interpretation information asso-
ciated with the region of the marker selected by a user,
or second information, which is statistical information ob-
tained by statistically processing non-document informa-
tion of the interpretation information, is displayed on the
display.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an image dis-
play device, an image display method, and a program,
and more particularly relates to a technique for determin-
ing a defect of an inspection object from an image of the
inspection object.

2. Description of the Related Art

[0002] A device that, in a case of interpretation for a
medical image, allows two users to input a position of a
lesion in an image, extracts the position where determi-
nation results regarding the presence or absence of the
lesion are different, and highlights and displays a region
determined as a user tends to make different determina-
tion from another user based on the difference is de-
scribed (JP2012-223506A).

SUMMARY OF THE INVENTION

[0003] In non-destructive inspection and various in-
spection tasks in a field of social infrastructure, it is nec-
essary to set a determination criterion according to indi-
vidual cases. Therefore, determination accuracy can be
improved by comparing the determination results by a
plurality of interpreters. In addition, in a case in which a
large number of inspection targets of the same type are
determined, such as standard products, it may be useful
to accumulate the results of determinations in the past
in some cases.
[0004] However, in the technique described in
JP2012-223506A, the determination accuracy cannot be
improved by using the determination result.
[0005] The present invention has been made in view
of such circumstances, and an object of the present in-
vention is to provide an image display device, an image
display method, and a program which are capable of im-
proving the accuracy of determination by comprehen-
sively considering interpretation information by a plurality
of determiners.
[0006] One aspect of an image display device for
achieving the above object is an image display device
comprising at least one processor, and at least one mem-
ory that stores an instruction to be executed by the at
least one processor, in which the at least one processor
acquires a first inspection target image in which a first
inspection object is imaged and in which interpretation
information by a plurality of determiners is associated
with an arbitrary region, displays the first inspection target
image on a display and displays a marker in at least one
region with which the interpretation information of the first
inspection target image is associated, receives a selec-
tion instruction of the marker by a user, displays a second

inspection target image subjected to at least one of en-
largement processing or highlight processing for a region
including at least a part of a region of the marker for which
the selection instruction is received in the first inspection
target image, on the display, and further displays at least
one of first information, which is document information
of the interpretation information associated with the re-
gion of the marker for which the selection instruction is
received, or second information, which is statistical infor-
mation obtained by statistically processing non-docu-
ment information of the interpretation information, on the
display. According to the aspect, the user can consider
the interpretation information by the plurality of determin-
ers without omission.
[0007] It is preferable that the document information
includes a plurality of comments input by the plurality of
determiners, respectively, and the at least one processor
displays a list of the plurality of comments.
[0008] It is preferable that the non-document informa-
tion includes determination results each classified by the
plurality of determiners and including at least one of pres-
ence or absence, a type, or a severity of a defect in the
region of the marker, and the statistical information ob-
tained by statistically processing the non-document in-
formation includes a distribution of the number of persons
for each determination result.
[0009] It is preferable that the non-document informa-
tion includes numerical information of a defect deter-
mined by each of the plurality of determiners, and the
statistical information obtained by statistically processing
the non-document information includes at least one of
mean or a distribution of the numerical information of the
defect.
[0010] It is preferable that the numerical information of
the defect includes at least one of a size of the defect or
a density of the defect.
[0011] It is preferable that the first inspection target im-
age includes information of image processing in a case
in which a determination, which is a basis of the interpre-
tation information, is made, and the at least one proces-
sor receives a selection instruction by the user of at least
one of the first information or the second information dis-
played on the display, and displays the first inspection
target image subjected to the image processing in a case
in which a determination, which is a basis of the first in-
formation or second information for which the selection
instruction is received, is made, on the display.
[0012] It is preferable that the at least one processor
displays the first inspection target image subjected to the
image processing together with the second inspection
target image on the display.
[0013] It is preferable that the at least one processor
displays the first inspection target image subjected to the
image processing on the display in place of the second
inspection target image.
[0014] It is preferable that the image processing in-
cludes at least one of reproduction of an enlargement
ratio of an image, reproduction of a display position of
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the image, or a parameter of an appearance of the image,
and the parameter of the appearance of the image in-
cludes at least one of lightness and darkness of the im-
age, sharpness of the image, contrast of the image, or
gradation of the image.
[0015] It is preferable that the at least one processor
receives at least one of correction or approval of the in-
terpretation information associated with the region, and
superimposes and displays a mark indicating a final de-
termination on the region in which the at least one of
correction or approval has been received.
[0016] It is preferable that the at least one processor
receives an input of a region of the first inspection target
image that needs to be redetermined, and superimposes
and displays a mark indicating remand on the input re-
gion.
[0017] It is preferable that the at least one processor
acquires determined interpretation information of a de-
termined image in which a second inspection object dif-
ferent from the first inspection object is imaged, and in
which the determined interpretation information by the
plurality of determiners is associated with an arbitrary
region, and displays at least one of third information,
which is document information of the determined inter-
pretation information related to the interpretation infor-
mation associated with the region of the marker for which
the selection instruction is received, or fourth information,
which is statistical information obtained by statistically
processing non-document information of the determined
interpretation information on the display.
[0018] It is preferable that the second inspection object
is the same standard product as the first inspection ob-
ject.
[0019] It is preferable that the displayed document in-
formation of the determined interpretation information in-
cludes at least one of the same text as the document
information of the interpretation information associated
with the region of the marker for which the selection in-
struction is received, or text indicating a determination
result for the same defect.
[0020] It is preferable that the at least one processor
calculates a distribution of determination results of the
plurality of determiners for the first inspection target im-
age, and in a case in which a variation in the determina-
tion result with respect to the first inspection target image
is larger than that of a first criterion, displays that the
determination is varied with respect to the determination
results of the plurality of determiners for the first inspec-
tion target image on the display.
[0021] It is preferable that the at least one processor
calculates a distribution of determination results of the
plurality of determiners for the first inspection target im-
age, and in a case in which a determination result of a
specific determiner with respect to the first inspection tar-
get image is an outlier, displays that there is a possibility
that the determination result of the specific determiner is
the outlier on the display.
[0022] It is preferable that the at least one processor

performs the statistical processing on the non-document
information of the interpretation information by weighting
the determination result of each of the plurality of deter-
miners based on a determination record of each of the
determiners.
[0023] One aspect of an image display method for
achieving the above object is an image display method
comprising: an inspection target image acquisition step
of acquiring a first inspection target image in which a first
inspection object is imaged and in which interpretation
information by a plurality of determiners is associated
with an arbitrary region; a first image display step of dis-
playing the first inspection target image on a display and
displaying a marker in at least one region with which the
interpretation information of the first inspection target im-
age is associated; a reception step of receiving a selec-
tion instruction of the marker by a user; a second image
display step of displaying a second inspection target im-
age subjected to at least one of enlargement processing
or highlight processing for a region including at least a
part of a region of the marker for which the selection
instruction is received in the first inspection target image,
on the display; and an interpretation information display
step of further displaying at least one of first information,
which is document information of the interpretation infor-
mation associated with the region of the marker for which
the selection instruction is received, or second informa-
tion, which is statistical information obtained by statisti-
cally processing non-document information of the inter-
pretation information, on the display. According to the
aspect, the user can consider the interpretation informa-
tion by the plurality of determiners without omission.
[0024] One aspect of a program for achieving the
above object is a program for causing a computer to ex-
ecute the image display method. A computer-readable
non-transitory storage medium on which the program is
recorded may also be included in the aspect.
[0025] According to the present invention, it is capable
of improving the accuracy of determination by compre-
hensively considering interpretation information by a plu-
rality of determiners.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 is a block diagram illustrating a defect inspec-
tion system.
Fig. 2 is a block diagram illustrating an example of
an imaging system.
Fig. 3 is a flowchart illustrating steps of an image
display method.
Fig. 4 is a diagram illustrating an example of a screen
of a display on which an inspection target image is
displayed.
Fig. 5 is a diagram illustrating an example of marker
selection by a user.
Fig. 6 is a diagram illustrating an example of a screen
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of a display on which an enlarged inspection target
image is displayed.
Fig. 7 is a diagram illustrating an example of a screen
of a display on which a highlighted inspection target
image is displayed.
Fig. 8 is a diagram illustrating an example of a screen
of a display in a case in which document information
is selected.
Fig. 9 is a diagram illustrating an example of a screen
of a display in a case in which document information
is selected.
Fig. 10 is a diagram illustrating an example of a
screen of a display on which a final determination
mark is superimposed and displayed.
Fig. 11 is a diagram illustrating an example of a
screen of a display on which a mark indicating re-
mand is superimposed and displayed.
Fig. 12 is a diagram illustrating an example of sta-
tistical information displayed on a screen of a display.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0027] Hereinafter, a preferred embodiment of the
present invention will be described in accordance with
the accompanying drawings.

[Image display device]

[0028] An image display device according to the
present embodiment is used in a defect inspection sys-
tem of non-destructive inspection. The defect inspection
system is a system in which a user determines a defect
of an inspection object from an image in which an indus-
trial product, which is the inspection object, is imaged.
Here, an example will be described in which the user
determines the defect in consideration of interpretation
information of a plurality of determiners associated with
the image of the inspection object. The user is an inter-
preter, and may be any person of the plurality of deter-
miners, or may be a person other than the determiners.
Here, a case in which an inspection target image of the
inspection object is a radiation image of an industrial
product will be described, but the inspection target image
may be other objects and other interpretation target im-
ages. In addition, the industrial product which is the in-
spection object is not particularly limited in material such
as metal or resin, and may be before or after processing,
or may be a part or an assembly.
[0029] Fig. 1 is a block diagram illustrating a defect
inspection system 10 according to the present embodi-
ment. As illustrated in Fig. 1, the defect inspection system
10 comprises an imaging system 12, a display 14, an
image display device 16, an input device 18, and an im-
age database 20.
[0030] The imaging system 12 is a system that cap-
tures an image of an inspection object OBJ, which is a
first inspection object. Details regarding the imaging sys-

tem 12 will be described later.
[0031] The display 14 is a display device for allowing
the user to visually recognize an inspection target image
or the like in which the inspection object OBJ is imaged.
The display 14 displays a screen necessary for an oper-
ation of the input device 18, and functions as a part for
implementing a graphical user interface (GUI).
[0032] The image display device 16 is a control device
for displaying an image of the inspection object OBJ im-
aged by the imaging system 12 on the screen of the dis-
play 14. The image display device 16 comprises a proc-
essor 16A and a memory 16B.
[0033] The processor 16A executes an instruction
stored in the memory 16B. A plurality of processors 16A
may be comprised.
[0034] A hardware structure of the processor 16A is
various processors as described below. The various
processors include a central processing unit (CPU) that
is a general-purpose processor actioning as various func-
tional units by executing software (program), a graphics
processing unit (GPU) that is a processor specially de-
signed for image processing, a programmable logic de-
vice (PLD) such as a field programmable gate array (FP-
GA) that is a processor having a circuit configuration
changeable after manufacturing, and a dedicated electric
circuit or the like such as an application specific integrat-
ed circuit (ASIC) that is a processor having a circuit con-
figuration dedicatedly designed to execute a specific type
of processing.
[0035] One processing unit may be configured by one
processor among these various processors, or may be
configured by two or more same or different kinds of proc-
essors (for example, a combination of a plurality of FP-
GAs, a combination of the CPU and the FPGA, or a com-
bination of the CPU and GPU). In addition, a plurality of
functional units may be formed of one processor. As an
example of configuring the plurality of functional units
with one processor, first, as represented by a computer
such as a client or a server, a form of configuring one
processor with a combination of one or more CPUs and
software and causing the processor to act as the plurality
of functional units is present. Second, as represented by
a system on chip (SoC) or the like, a form of using a
processor that implements the function of the entire sys-
tem including the plurality of functional units using one
integrated circuit (IC) chip is present. Accordingly, vari-
ous functional units are configured using one or more of
the various processors as a hardware structure.
[0036] Furthermore, the hardware structure of the var-
ious processors is more specifically an electric circuit (cir-
cuitry) in which circuit elements such as semiconductor
elements are combined.
[0037] The memory 16B stores instructions to be ex-
ecuted by the processor 16A. The memory 16B includes
a random access memory (RAM) and a read only mem-
ory (ROM), which are not illustrated. The processor 16A
uses the RAM as a work region, executes software using
various programs and parameters including an image
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display program stored in the ROM, and executes various
processing of the image display device 16 using the pa-
rameters stored in the ROM or the like.
[0038] The input device 18 is an interface that receives
an operation input from the user. The input device 18
includes a keyboard for inputting characters and a point-
ing device for operating a pointer, an icon, or the like
displayed on the screen of the display 14. The input de-
vice 18 may be a touch-panel display integrated with the
display 14.
[0039] The image database 20 is composed of a high-
capacity storage device. The image database 20 stores
a plurality of determined images, each of which is cap-
tured in the past, of a plurality of different second inspec-
tion objects. In each of the determined images, the inter-
pretation information including determination results of
defects of the second inspection object by the plurality
of determiners is associated with an arbitrary region, re-
spectively. The second inspection object is an article dif-
ferent from the inspection object OBJ. The second in-
spection object may be, for example, the same standard
product as the inspection object OBJ or an article having
a different shape from the inspection object OBJ.
[0040] The imaging system 12, the image display de-
vice 16, and the image database 20 are communicably
connected through a network NW. The network NW is,
for example, a local area network (LAN), a wide area
network (WAN), or an Internet connection. The imaging
system 12, the image display device 16, and the image
database 20 may be communicably connected by a uni-
versal serial bus (USB) cable or the like, or may be com-
municably connected by short-range wireless communi-
cation using infrared rays or the like. The imaging system
12, the image display device 16, and the image database
20 may exchange data including an image through a stor-
age medium that is detachable and readable, respective-
ly.

[Imaging system]

[0041] Fig. 2 is a block diagram illustrating an example
of an imaging system 12. As illustrated in Fig. 2, the im-
aging system 12 comprises an imaging room 22, an im-
aging control unit 24, an imaging operating unit 26, an
image recording unit 28, a radiation detector 30, and a
radiation source 34.
[0042] In the imaging room 22, a partition wall and the
entrance/exit between the imaging room 22 and the out-
side are protected from X-ray by an X-ray protective ma-
terial (for example, lead, concrete, or the like). In addition
to the radiation detector 30 and the radiation source 34,
an inspection object OBJ, which is an imaging target, is
disposed inside the imaging room 22.
[0043] The imaging control unit 24 includes a CPU that
controls an operation of each unit of the imaging system
12. The imaging control unit 24 receives an operation
input from an imaging technician through the imaging
operating unit 26, and transmits a control signal corre-

sponding to the received operation input to each unit of
the imaging system 12 to control the operation of each
unit.
[0044] The imaging operating unit 26 is an input device
that receives an operation input from the imaging tech-
nician. The imaging technician can perform, through the
imaging operating unit 26, an input of information regard-
ing the inspection object OBJ, an input of an instruction
to execute imaging to the radiation detector 30 (including
settings for imaging conditions such as exposure time,
focal length, and stop, imaging angle, and imaging loca-
tion), an input of an instruction of radiation irradiation to
the radiation source 34 (including settings for irradiation
start time, irradiation duration, irradiation angle, and ir-
radiation intensity) and an input of an instruction to record
the acquired image in the image recording unit 28.
[0045] The image recording unit 28 records an image
(light-receiving image data) of the inspection object OBJ,
which is imaged by the radiation detector 30. The image
recording unit 28 records information for specifying the
inspection object OBJ in association with the image.
[0046] For example, the radiation source 34 is an X-
ray source. The radiation source 34 irradiates the inspec-
tion object OBJ in the imaging room 22 with radiation in
response to an instruction from the imaging control unit
24. In a case in which the inspection object OBJ is irra-
diated with visible light for imaging, it is not necessary to
use the imaging room 22 with protection.
[0047] The radiation detector 30 receives the radiation
irradiated from the radiation source 34 to the inspection
object OBJ and transmitted through the inspection object
OBJ, and images the inspection object OBJ in response
to an instruction to execute imaging from the imaging
control unit 24. The inspection object OBJ is held in the
imaging room 22 by a holding member (for example, a
manipulator, a mounting table, or a movable mounting
table) which is not illustrated, and the distance and the
angle of the inspection object OBJ with respect to the
radiation detector 30 and the radiation source 34 can be
adjusted. The operator can control relative positions of
the inspection object OBJ, the radiation detector 30, and
the radiation source 34 through the imaging control unit
24, and can image a desired location of the inspection
object OBJ.
[0048] The radiation source 34 ends the irradiation of
the radiation to the inspection object OBJ in synchroni-
zation with the end of the execution of the imaging by the
radiation detector 30.
[0049] In an example illustrated in Fig. 2, the radiation
detector 30 is disposed inside the imaging room 22, but
the radiation detector 30 may be disposed outside the
imaging room 22 as long as it can image the inspection
object OBJ in the imaging room 22.
[0050] In addition, in the example illustrated in Fig. 2,
one radiation detector 30 and one radiation source 34
are provided, but the number of radiation detectors and
radiation sources is not limited thereto. For example, a
plurality of the radiation detectors and a plurality of the
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radiation sources may be provided.

[Image display method]

[0051] An image display method using the image dis-
play device 16 will be described. The image display meth-
od is implemented by the processor 16A executing an
image display program stored in the memory 16B. The
image display program may be provided by a computer-
readable non-transitory storage medium. In this case,
the image display device 16 may read the image display
program from the non-transitory storage medium and
store it in the memory 16B.
[0052] Fig. 3 is a flowchart illustrating steps of the im-
age display method. In the image display method accord-
ing to the present embodiment, an image in which the
inspection object OBJ is imaged and interpretation infor-
mation thereof are displayed on the screen of the display
14.
[0053] The processor 16A of the image display device
16 acquires a first inspection target image in which the
inspection object is imaged (Step S 1: an example of an
inspection target image acquisition step). Here, the proc-
essor 16A acquires an inspection target image 100 in
which the inspection object OBJ is imaged from the image
database 20 through a network NW. The inspection tar-
get image 100 is an image in which the inspection object
OBJ is imaged in the imaging system 12, and is an image
that has already been interpreted by the plurality of de-
terminers. In the inspection target image 100, the inter-
pretation information by the plurality of the determiners
is associated with an arbitrary region in advance.
[0054] Next, the processor 16A displays the acquired
first inspection target image on the display, and displays
a marker in at least one region associated with the inter-
pretation information of the first inspection target image
(Step S2: an example of a first image display step).
[0055] Fig. 4 is a diagram illustrating an example of the
screen of the display 14 on which the inspection target
image 100 is displayed. In an example illustrated in Fig.
4, a window WA is displayed on the screen of the display
14, and the inspection target image 100 is displayed in
the window WA.
[0056] Here, it is assumed that the inspection target
image 100 has interpretation information associated with
a region AA and a region AB, respectively. In addition, it
is assumed that in the inspection target image 100, a
marker 102A is given to the region AA associated with
the interpretation information and a marker 102B is given
to the region AB. In the example illustrated in Fig. 4, the
marker 102A and the marker 102B are bounding boxes
surrounding the region AA and the region AB, respec-
tively, but the marker 102A and the marker 102B are not
limited to bounding boxes and may be in other forms as
long as it is recognizably displayed that the interpretation
information is associated with the region AA and the re-
gion AB.
[0057] In the first inspection target image, the marker

may not be given in advance to the region associated
with the interpretation information. In this case, the proc-
essor 16A superimposes and displays the marker on the
region associated with the interpretation information. For
example, in a case in which the marker is not given to
the inspection target image 100, the processor 16A may
superimpose and display the marker 102A on the region
AA and the marker 102B in the region AB in the inspection
target image 100 displayed in the window WA. Accord-
ingly, the processor 16A can perform the same display
as in a case in which the marker is given in advance to
the first inspection target image.
[0058] Returning to the description of Fig. 3, the proc-
essor 16A receives a marker selection instruction by the
user (Step S3: an example of a reception step). The user
uses the input device 18 to select and instruct the marker
102A or the marker 102B of the inspection target image
100 displayed on the screen of the display 14. The proc-
essor 16A receives the marker 102A or the marker 102B
selected and instructed by the input device 18.
[0059] Fig. 5 is a diagram illustrating an example of a
marker selection instruction by the user. 1000 and 1002
illustrated in Fig. 5 illustrate examples of using a pointing
device (not illustrated) to select and instruct the markers,
respectively. In the example illustrated in 1000, the user
selects and instructs the marker 102B by placing a cursor
104 on a desired position of the marker 102B and per-
forming a clicks operation. In addition, in the example
illustrated in 1002, the user selects and instructs the
marker 102A by designating a range 106 surrounding
the marker 102A by a drag operation.
[0060] In addition, 1004 illustrated in Fig. 5 is a list of
marker information displayed on the screen of the display
14. The list of the marker information may be displayed
together with the inspection target image 100 by being
displayed in a different window from the window WA.
[0061] As illustrated in 1004, the marker information
includes information of a marker color, a marker position,
and a type of a defect in a region associated with the
marker. Here, by displaying the marker 102A in red and
the marker 102B in blue, a plurality of markers are iden-
tified by color, but the markers may be distinguished by
information other than the color. The marker information
may include a representative determination result of the
defect in the region associated with the marker. The
marker information may include enough information to
identify each marker.
[0062] The user selects the desired marker information
from the list of the marker information using the input
device 18, so that the user can select and instruct the
marker of the information.
[0063] The marker information and the cursor 104 may
be linked with each other. For example, only the infor-
mation of the marker corresponding to the marker closest
to the position of the cursor 104 on the image may be
displayed, or the information of the marker corresponding
to the marker closest to the position of the cursor 104 on
the image in the list of the information of the marker may
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be highlighted and displayed.
[0064] Here, it is assumed that the processor 16A re-
ceives the selection instruction of the marker 102A by
the user.
[0065] Returning to the description of Fig. 3 again, in
a case of receiving the marker selection instruction by
the user, the processor 16A causes the display to display
a second inspection target image subjected to at least
one of enlargement processing or highlight processing
for a region including at least a part of the selected marker
region of the first inspection target image (Step S4: an
example of a second image display step).
[0066] Furthermore, the processor 16A causes the dis-
play to display at least one of first information, which is
document information of interpretation information asso-
ciated with the region of the selected marker, or second
information, which is statistical information obtained by
performing statistical processing for non-document infor-
mation of the interpretation information (Step S5: an ex-
ample of an interpretation information display step). The
document information and non-document information will
be described later. This is the end of processing of the
present flowchart.
[0067] Since the selection instruction of the marker
102A by the user is received in Step S3, the processor
16A generates the second inspection target image sub-
jected to at least one of the enlargement processing or
the highlight processing for a region including at least a
part of the region AA of the inspection target image 100.
It is not necessary that the region AA and the region
where at least one of the enlargement processing or the
highlight processing is performed coincide with each oth-
er, and the processing may be performed including a
region around the region AA, or may be performed on a
partial region of the region AA. Here, the processor 16A
generates an enlarged inspection target image 110 in
which a part of the region AAis enlarged at a predeter-
mined enlargement ratio as the second inspection target
image, and displays the generated enlarged inspection
target image 110 on the screen of the display 14.
[0068] Fig. 6 is a diagram illustrating an example of the
screen of the display 14 on which the enlarged inspection
target image 110 is displayed. In an example illustrated
in Fig. 6, the enlarged inspection target image 110 is
displayed in the window WA. In the enlarged inspection
target image 110 displayed in the window WA of Fig. 6,
the region AA is enlarged at a predetermined enlarge-
ment ratio with respect to the inspection target image 100
displayed in the window WA of Fig. 4. In this way, by
shifting from the display of the entire inspection object
OBJ to the enlarged display of the region AA, the region
AA is displayed with a higher resolution and in detail, so
that the user can visually recognize the region AA in de-
tail.
[0069] In addition, since the selection instruction of the
marker 102A by the user is received in Step S3, the proc-
essor 16A reads out the interpretation information asso-
ciated with the region AA from the image database 20.

The interpretation information may be included in the in-
spection target image 100 as metadata of the inspection
target image 100.
[0070] The interpretation information includes the doc-
ument information. The document information includes
a plurality of comments each input by the plurality of de-
terminers. The input comments may include a basis for
determination, for example, "because a large number of
defects are confirmed at the time of enlargement". Here,
it is assumed that the region AA is associated with at
least document information 120A of a determiner A who
has determined the inspection target image 100, docu-
ment information 120B of a determiner B, and document
information 120C of a determiner C as the document in-
formation of the interpretation information. Therefore, the
processor 16A causes the display 14 to display a list of
at least the document information 120A, 120B, and 120C
as the first information. In the example illustrated in Fig.
6, the document information 120A, 120B, and 120C are
displayed in a window WB.
[0071] In addition, the interpretation information in-
cludes the non-document information. The non-docu-
ment information includes determination results of de-
fects determined by the plurality of determiners or nu-
merical information of the defects. Here, it is assumed
that the non-document information of the interpretation
information is associated with the region AA. Therefore,
the processor 16A performs statistical processing for the
non-document information and displays the statistically
processed statistical information 122A on the screen of
the display 14 as the second information. In the example
illustrated in Fig. 6, the statistical information 122A is dis-
played in the window WB.
[0072] In this way, by displaying the document infor-
mation 120A, 120B, and 120C and the statistical infor-
mation 122A on the screen of the display 14 in addition
to the enlarged inspection target image 110, the user can
confirm the information of the region AA without omission
and can consider the interpretation information by the
plurality of determiners without omission.
[0073] In addition, the processor 16A displays a scroll
bar 130 and a slider 132 in the window WB. The user
can use the input device 18 to move the slider 132 in an
up-down direction along the scroll bar 130, and the proc-
essor 16A displays the first information and the second
information disposed in the up-down direction in the win-
dow WB on the screen of the display 14 according to a
position of the slider 132. In this way, even in a case in
which all of the first information and the second informa-
tion cannot be displayed on the display 14 at one time,
the first information and the second information can be
displayed on the screen of the display 14 without omis-
sion. Therefore, the user can confirm and consider the
interpretation information by the plurality of determiners
without omission.
[0074] Here, the processor 16A displays the enlarged
inspection target image 110 in place of the inspection
target image 100, but may display the enlarged inspec-
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tion target image 110 in a window different from the win-
dow WA in which the inspection target image 100 is dis-
played, and simultaneously display both the inspection
target image 100 and the enlarged inspection target im-
age 110.

[Highlight processing]

[0075] In an example illustrated in Fig. 6, the processor
16A displays the enlarged inspection target image 110
in which a part of the region AA is enlarged as the second
inspection target image on the screen of the display 14,
but the highlighted inspection target image subjected to
the highlight processing of the region AA as the second
inspection target image may be displayed on the screen
of the display 14.
[0076] Fig. 7 is a diagram illustrating an example of the
screen of the display 14 on which a highlighted inspection
target image 140 subjected to the highlight processing
for the region AA is displayed. In the example illustrated
in Fig. 7, the highlighted inspection target image 140 is
displayed in the window WA.
[0077] Here, the processor 16A generates the high-
lighted inspection target image 140 by changing the en-
tire gradation of the inspection target image 100. The
highlight processing of the region AA is not limited to the
gradation change processing, and may be sharpness
change processing, brightness change processing, or
the like. In addition, the processor 16A may perform high-
light processing for at least a part of the region AA. The
marker 102A and the marker 102B may be displayed on
the highlighted inspection target image 140.
[0078] In addition, the processor 16A may generate an
enlargement-highlighted inspection target image sub-
jected to both the enlargement processing and the high-
light processing of the region AA as the second inspection
target image and display the image on the screen of the
display 14.

[Non-document information and statistical information]

[0079] Statistic is "to investigate the distribution of in-
dividual elements in a group and to quantitatively and
uniformly clarify trends and characteristics of the group.
In addition, the numerical values obtained as a result.".
Statistical information obtained by statistically process-
ing non-document information includes what is generally
referred to as "statistics".
[0080] The non-document information is determination
results of defects, each classified by the plurality of de-
terminers, and includes, for example, at least one of the
presence or absence, type, or severity of the defect in
the region of the marker. In addition, the statistical infor-
mation of the determination result of the defect may be
the distribution of the number of persons for each deter-
mination result. The distribution of the number of persons
may be illustrated using any of a histogram, a selection
rate for each determination, a circle graph, or a bar graph.

[0081] In addition, the non-document information may
be numerical information of defects determined by each
of the plurality of determiners, or may be a confidence
level of the determination and a measure of the severity.
The numerical information of the defect may be a size
(area) of the defect, the density as a group of defects that
occur in close proximity rather than the simple size of
individual defects, or the position coordinates (position
of centroid, position of bounding box) of the defects. In
addition, the numerical information of the defect may be
a marker given to the region in advance or a diagonal
length of a circumscribed rectangle which is a newly given
bounding box. In addition, the diagonal length of the cir-
cumscribed rectangle in consideration of rotation or a
graphic parameter in a case in which elliptical fitting is
performed may be used. The diagonal length of the cir-
cumscribed rectangle in consideration of the rotation
makes it possible to distinguish between an elongated
shape of defect and a round shape of defect.
[0082] The statistical information including the numer-
ical information of the defect, the confidence level of the
determination, and the measure of severity may be at
least one of their mean, variance, deviation, maximum
and minimum, or histogram. The mean may be any of
simple mean, weighted mean, or mean excluding out-
liers. For the weighted mean, the weight for each deter-
miner may be used.

[Display of image in a case in which interpretation infor-
mation is created]

[0083] The processor 16A may display an image in a
case in which the interpretation information is created on
the screen of the display 14. For example, the inspection
target image 100 includes information of image process-
ing in a case in which a determination, which is a basis
of the interpretation information associated with the re-
gion AA, is made, and the processor 16A receives a se-
lection instruction by the user of at least one of the doc-
ument information 120A, the document information
120B, the document information 120C, or the statistical
information 122A displayed on the screen of the display
14, performs the image processing, in a case in which a
determination, which is a basis of the selected informa-
tion, is made, on the inspection target image 100, and
displays the image on the screen of the display 14.
[0084] Here, the information of the image processing
includes at least one of reproduction of an enlargement
ratio (the size to be displayed) of the image, reproduction
of a display position of the image, or a parameter of an
appearance of the image. The parameter of the appear-
ance of the image includes at least one of lightness and
darkness of the image, sharpness of the image, contrast
of the image, or gradation of the image.
[0085] Fig. 8 is a diagram illustrating an example of the
screen of the display 14 in a case in which the user uses
the input device 18 and selects the document information
120A in a state illustrated in Fig. 6. In a case in which the
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document information 120A is selected, the processor
16A acquires image processing information from the im-
age database 20 in a case in which the determiner A
creates the document information 120A from the inspec-
tion target image 100, applies the acquired image
processing to the inspection target image 100 to generate
a document creation image 150, and displays the image
on the screen of the display 14. The inspection target
image 100 may have information of the image processing
in a case in which the determiner A creates the document
information 120A as metadata of the inspection target
image 100.
[0086] As illustrated in Fig. 8, the processor 16A dis-
plays a line of a frame of the selected document infor-
mation 120A to be thicker than a line of a frame of the
other interpretation information. In addition, in place of
the enlarged inspection target image 110, the processor
16A displays, on the window WA, the document creation
image 150, which is an image of the region AA used in
a case in which the determiner A creates the document
information 120A. In addition, the processor 16A displays
a frame of the window WA in a case of displaying the
document creation image 150 to be thicker than a frame
of the window WA in a case of displaying the enlarged
inspection target image 110. Here, although the line of
the frame is displayed thick, it is sufficient to identify that
the document information 120A corresponds to the doc-
ument creation image 150. For example, a display meth-
od may be used in which a color of the line of the frame
of the document information 120A is displayed in the
same color as at least one color of a frame of the window
WA or a menu bar.
[0087] By performing such screen display, the user can
visually recognize images displayed at the time of creat-
ing the document information and the non-document in-
formation.
[0088] The document creation images 150 may be dis-
posed side by side so as to be comparable with the en-
larged inspection target image 110. Fig. 9 is a diagram
illustrating the display 14 in a case in which the user uses
the input device 18 and selects the document information
120A in the state illustrated in Fig. 6, and is a diagram of
a case in which the enlarged inspection target image 110
and the document creation image 150 are displayed in
a separate window at the same time. In an example il-
lustrated in Fig. 9, the enlarged inspection target image
110 is displayed in the window WA, and the document
creation image 150 is displayed in another window WC.
[0089] By performing such screen display, the user can
visually recognize images displayed at the time of creat-
ing the document information and the non-document in-
formation, and can compare the enlarged inspection tar-
get image 110 with the document creation image 150.

[Approval and remand]

[0090] The interpretation information may be config-
ured to be approvable by the user, or the interpretation

information may be configured to be corrected before the
approval. For example, the processor 16A receives at
least one of correction or approval of at least one infor-
mation of the document information 120A, the document
information 120B, the document information 120C, or the
statistical information 122A, which are interpretation in-
formation associated with the region AA, and superim-
poses and displays a mark indicating the final determi-
nation on the region AA in which at least one of the cor-
rection or the approval has been received. The user can
correct and approve the document information 120A or
the like by using the input device 18.
[0091] Fig. 10 is a diagram illustrating an example of
the screen of the display 14 on which a final determination
mark is superimposed and displayed. In an example il-
lustrated in Fig. 10, an inside of the marker 102A is filled,
as the final determination mark. By displaying in this way,
the user can recognize a region where the final determi-
nation is made.
[0092] In addition, the user may be configured to ena-
ble remand of the interpretation. For example, the proc-
essor 16A receives an input of the region AA of the in-
spection target image 100 that needs to be redetermined,
and superimposes and displays a mark indicating the
remand on the input region AA. The user can input the
redetermination using the input device 18.
[0093] Fig. 11 is a diagram illustrating an example of
the screen of the display 14 on which a mark indicating
remand is superimposed and displayed. In the example
illustrated in Fig. 11, a bounding box of the marker 102A
is displayed in double as the mark indicating the remand.
By displaying in this way, the user can recognize the re-
gion to be reinterpreted.
[0094] Here, although the final determination mark and
the mark indicating the remand are superimposed and
displayed on the region AA, the processor 16A may give
the final determination mark and the mark indicating the
remand to the inspection target image 100 and store the
image in the image database 20.

[Information other than inspection target image]

[0095] The document information and the statistical in-
formation displayed on the screen of the display 14 are
not limited to the first information which is the document
information of the inspection target image 100 and the
second information which is the statistical information of
the non-document information, and may be information
of a past determined image other than inspection target
image 100.
[0096] For example, the processor 16A acquires de-
termined interpretation information of a determined im-
age in which a second inspection object different from
the inspection object OBJ, which is the first inspection
object, is imaged, and in which determined interpretation
information by the plurality of determiners is associated
with an arbitrary region, and displays at least one of third
information, which is document information of the deter-
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mined interpretation information related to the interpre-
tation information associated with the region AA of the
selected marker 102A, or fourth information, which is the
statistical information obtained by statistically processing
the non-document information of the determined inter-
pretation information on the screen of the display 14. As
an example, the document information of the determined
image is displayed in place of the document information
120B on the screen of the display 14 illustrated in Fig. 6.
[0097] The second inspection object may be the same
standard product as the inspection object OBJ. In addi-
tion, the third information may include at least one of the
same text as the document information of the interpreta-
tion information associated with the region AA of the se-
lected marker 102A, or text indicating a determination
result for the same defect.
[0098] By displaying in this way, the user can recognize
the information of the defect of an inspection object other
than the inspection object OBJ, and can use it as a ref-
erence for the determination of the defect of the inspec-
tion object OBJ.

[Notification of abnormality in determination result]

[0099] The image display device 16 may be configured
to notify of an abnormality in the determination result of
the determiner using statistical information. For example,
the processor 16A calculates the distribution of the de-
termination results of the plurality of determiners for the
inspection target image 100, and in a case in which the
variation in the determination results with respect to the
inspection target image 100 is larger than a first criterion,
the processor 16A displays that the variation in the de-
termination is larger than that of the first criterion with
respect to the determination results of the plurality of the
determiners of the inspection target image 100, on the
screen of the display 14.
[0100] Here, the variation in the determination results
includes the variation in the distribution in a case in which
the determination result is the determination information
of a non-defective product and a defective product and
the determination information of a type of the defect. In
addition, the variation in the determination result includes
the variance and the deviation in a case in which the
determination result is the numerical information of the
defect.
[0101] A case in which the determination results of the
plurality of determiners are larger than the first criterion
does not mean that all of the plurality of determiners have
their own problems, and indicates that the determination
of the inspection target image is difficult enough to have
divided opinion. Therefore, the display indicating that the
determination is varied may be performed for each de-
termination result of each determiner, or may be dis-
played once for the entire determination result.
[0102] In addition, in a case in which the determination
result of a specific determiner for the inspection target
image 100 is an outlier, it may be displayed that there is

a possibility that the determination result of the specific
determiner is the outlier on the screen of the display 14.
[0103] Fig. 12 is a diagram illustrating an example of
statistical information 122A displayed on the screen of
the display 14. The statistical information 122A is a his-
togram representing the distribution of the sizes of de-
fects included in the region AA determined by the plurality
of determiners. A horizontal axis indicates four types of
sizes of small (S), medium (M), large (L), and extra large
(XL) and a vertical axis indicates the number of deter-
miners who have determined each size.
[0104] Here, it is assumed that only a determiner P
determines the size as XL. In a case in which the proc-
essor 16A determines that the determination of the de-
terminer P is the outlier, as illustrated in Fig. 12, the proc-
essor 16A displays a mark 160 indicating the outlier at a
position of the XL size of the histogram. Furthermore, the
processor 16A displays a caution display 162 indicating
that the determination result of the determiner P overes-
timates the size of the defect. The mark 160 and the
caution display 162 may be any display as long as it is
recognizable by the user.

[Weighting of determiners]

[0105] The statistical processing of the non-document
information may be performed based on the determina-
tion record of each determiner. For example, the proc-
essor 16A performs statistical processing on the non-
document information of the interpretation information by
weighting the determination result of each determiner
based on the determination records of each determiner
of the plurality of determiners. The determination record
of each determiner may be calculated using the statistical
information of the non-document information of each of
a plurality of determined images stored in the image da-
tabase 20. The statistical information including the nu-
merical information of the defect, the confidence level of
the determination, and the measure of severity may be
calculated by using weighted values according to the de-
termination record of each determiner for the mean, the
variance, and the deviation.
[0106] For the determiner who makes a determination
in which the variation in the determination result with re-
spect to the determined image is larger than that of the
first criterion, and for a determiner who makes a deter-
mination in which the determination result is an outlier,
the processor 16A makes the weight relatively small
based on the determination record. On the other hand,
for a determiner whose determination result is adopted
as the final determination result at a high ratio, the proc-
essor 16A makes the weight relatively large based on
the determination record. The processor 16A acquires
the weighted statistical information in the statistical
processing of the non-document information by using
such weight for each determiner.
[0107] In addition, for the determination that the vari-
ation in the determination result with respect to the in-
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spection target image 100 is larger than that of the first
criterion, and the determination that the determination
result of the specific determiner for the inspection target
image 100 is an outlier, which have been described with
reference to Fig. 12, the processor 16A may assume the
determination results of a plurality of determined images
stored in the image database 20 as a normal distribution,
and may make a determination based on the distribution.

[Others]

[0108] Here, although the image display device 16
used in the defect inspection system of non-destructive
inspection has been described, the image display device
16 is not limited to the non-destructive inspection, and
can be applied to display images for inspection and
checking such as various inspection tasks for social in-
frastructure and the like.
[0109] The technical scope of the present invention is
not limited to the scope described in the above-men-
tioned embodiment. The configurations and the like in
each embodiment can be appropriately combined be-
tween the respective embodiments without departing
from the gist of the present invention.

Explanation of References

[0110]

10: defect inspection system
12: imaging system
14: display
16: image display device
16A: processor
16B: memory
18: input device
20: image database
22: imaging room
24: imaging control unit
26: imaging operating unit
28: image recording unit
30: radiation detector
34: radiation source
100: inspection target image
102A: marker
102B: marker
104: cursor
106: range
110: enlarged inspection target image
120A: document information
120B: document information
120C: document information
122A: statistical information
130: scroll bar
132: slider
140: highlighted inspection target image
150: document creation image
160: mark

162: caution display
AA: region
AB: region
NW: network
OBJ: inspection object
S1 to S5: each step of an image display method
WA, WB, WC: window

Claims

1. An image display device comprising:

at least one processor; and
at least one memory that stores an instruction
to be executed by the at least one processor,
wherein the at least one processor

acquires a first inspection target image in
which a first inspection object is imaged and
in which interpretation information by a plu-
rality of determiners is associated with an
arbitrary region,
displays the first inspection target image on
a display and displays a marker in at least
one region with which the interpretation in-
formation of the first inspection target image
is associated,
receives a selection instruction of the mark-
er by a user,
displays a second inspection target image
subjected to at least one of enlargement
processing or highlight processing for a re-
gion including at least a part of a region of
the marker for which the selection instruc-
tion is received in the first inspection target
image, on the display, and
further displays at least one of first informa-
tion, which is document information of the
interpretation information associated with
the region of the marker for which the se-
lection instruction is received, or second in-
formation, which is statistical information
obtained by statistically processing non-
document information of the interpretation
information, on the display.

2. The image display device according to claim 1,

wherein the document information includes a
plurality of comments input by the plurality of
determiners, respectively, and
the at least one processor displays a list of the
plurality of comments.

3. The image display device according to claim 1 or 2,

wherein the non-document information includes
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determination results each classified by the plu-
rality of determiners and including at least one
of presence or absence, a type, or a severity of
a defect in the region of the marker, and
the statistical information obtained by statistical-
ly processing the non-document information in-
cludes a distribution of the number of persons
for each determination result.

4. The image display device according to any one of
claims 1 to 3,

wherein the non-document information includes
numerical information of a defect determined by
each of the plurality of determiners, and
the statistical information obtained by statistical-
ly processing the non-document information in-
cludes at least one of mean or a distribution of
the numerical information of the defect.

5. The image display device according to claim 4,
wherein the numerical information of the defect in-
cludes at least one of a size of the defect or a density
of the defect.

6. The image display device according to any one of
claims 1 to 5,

wherein the first inspection target image in-
cludes information of image processing in a case
in which a determination, which is a basis of the
interpretation information, is made, and
the at least one processor

receives a selection instruction by the user
of at least one of the first information or the
second information displayed on the dis-
play, and
displays the first inspection target image
subjected to the image processing in a case
in which a determination, which is a basis
of the first information or second information
for which the selection instruction is re-
ceived, is made, on the display.

7. The image display device according to claim 6,

wherein the at least one processor
displays the first inspection target image sub-
jected to the image processing together with the
second inspection target image on the display.

8. The image display device according to claim 6,

wherein the at least one processor
displays the first inspection target image sub-
jected to the image processing on the display in
place of the second inspection target image.

9. The image display device according to any one of
claims 6 to 8,

wherein the image processing includes at least
one of reproduction of an enlargement ratio of
an image, reproduction of a display position of
the image, or a parameter of an appearance of
the image, and
the parameter of the appearance of the image
includes at least one of lightness and darkness
of the image, sharpness of the image, contrast
of the image, or gradation of the image.

10. The image display device according to any one of
claims 1 to 9,
wherein the at least one processor

receives at least one of correction or approval
of the interpretation information associated with
the region, and
superimposes and displays a mark indicating a
final determination on the region in which the at
least one of correction or approval has been re-
ceived.

11. The image display device according to any one of
claims 1 to 10,
wherein the at least one processor

receives an input of a region of the first inspec-
tion target image that needs to be redetermined,
and
superimposes and displays a mark indicating re-
mand on the input region.

12. The image display device according to any one of
claims 1 to 11,
wherein the at least one processor

acquires determined interpretation information
of a determined image in which a second inspec-
tion object different from the first inspection ob-
ject is imaged, and in which the determined in-
terpretation information by the plurality of deter-
miners is associated with an arbitrary region,
and
displays at least one of third information, which
is document information of the determined inter-
pretation information related to the interpretation
information associated with the region of the
marker for which the selection instruction is re-
ceived, or fourth information, which is statistical
information obtained by statistically processing
non-document information of the determined in-
terpretation information on the display.

13. The image display device according to claim 12,
wherein the second inspection object is the same
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standard product as the first inspection object.

14. The image display device according to claim 12 or
13,
wherein the displayed document information of the
determined interpretation information includes at
least one of the same text as the document informa-
tion of the interpretation information associated with
the region of the marker for which the selection in-
struction is received, or text indicating a determina-
tion result for the same defect.

15. The image display device according to any one of
claims 1 to 14,
wherein the at least one processor

calculates a distribution of determination results
of the plurality of determiners for the first inspec-
tion target image, and
in a case in which a variation in the determination
result with respect to the first inspection target
image is larger than that of a first criterion, dis-
plays that the determination is varied with re-
spect to the determination results of the plurality
of determiners for the first inspection target im-
age on the display.

16. The image display device according to any one of
claims 1 to 15,
wherein the at least one processor

calculates a distribution of determination results
of the plurality of determiners for the first inspec-
tion target image, and
in a case in which a determination result of a
specific determiner with respect to the first in-
spection target image is an outlier, displays that
there is a possibility that the determination result
of the specific determiner is the outlier on the
display.

17. The image display device according to claim 15 or
16,
wherein the at least one processor
performs the statistical processing on the non-doc-
ument information of the interpretation information
by weighting the determination result of each of the
plurality of determiners based on a determination
record of each of the determiners.

18. An image display method comprising:

an inspection target image acquisition step of
acquiring a first inspection target image in which
a first inspection object is imaged and in which
interpretation information by a plurality of deter-
miners is associated with an arbitrary region;
a first image display step of displaying the first

inspection target image on a display and dis-
playing a marker in at least one region with which
the interpretation information of the first inspec-
tion target image is associated;
a reception step of receiving a selection instruc-
tion of the marker by a user;
a second image display step of displaying a sec-
ond inspection target image subjected to at least
one of enlargement processing or highlight
processing for a region including at least a part
of a region of the marker for which the selection
instruction is received in the first inspection tar-
get image, on the display; and
an interpretation information display step of fur-
ther displaying at least one of first information,
which is document information of the interpreta-
tion information associated with the region of the
marker for which the selection instruction is re-
ceived, or second information, which is statisti-
cal information obtained by statistically process-
ing non-document information of the interpreta-
tion information, on the display.

19. A program for causing a computer to execute the
image display method according to claim 18.

20. A non-transitory computer-readable recording me-
dium on which the program according to claim 19 is
recorded.
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